The aim of this study was to investigate the functional organisation of working memory and related cognitive abilities in young children. A sample of 633 children aged between 4 and 6 years were tested on measures of verbal short-term memory, complex memory span, sentence repetition, phonological awareness, and nonverbal ability. The measurement model that provided the best fit of the data incorporates constructs that correspond to the central executive, phonological loop, and episodic buffer subcomponents of working memory, plus distinct but associated constructs associated with phonological awareness and nonverbal ability.
Introduction
ChildrenÕs abilities to store and manipulate information in short-term memory are closely associated with scholastic attainments over the school years. Links have been found between these working memory abilities and attainments in the areas of reading (e.g., De Jong, 1998; Swanson, 1994) , mathematics (e.g., Bull & Scerif, 2001; Mayringer & Wimmer, 2000; Siegal & Ryan, 1989) , and language comprehension (e.g., Nation, Adams, Bowyer-Crane, & Snowling, 1999; Seigneuric, Ehrlich, Oakhill, & Yuill, 2000) . Measures of working memory at school entry (at 4 or 5 years, in the UK) have also been found to provide excellent predictors of childrenÕs success in national assessments of scholastic abilities up to 3 years later (Gathercole, Brown, & Pickering, 2003) .
Interpretation of the strong associations between working memory and learning abilities requires a sound theoretical understanding of the cognitive systems underlying the working memory measures at the point at which children enter formal education and start acquiring and developing their scholastic abilities. The aim of the present study was to provide a detailed assessment of the functional organisation of working memory and other cognitive processes known also to be related to academic success, in children in their first year of compulsory full-time education.
The research was guided by the model of working memory developed originally by Baddeley and Hitch (1974) , and extended by Baddeley (2000) . The model consists of a central executive linked directly with three other subsystems: the phonological loop, the visuospatial sketchpad, and the episodic buffer. The central executive is a flexible system responsible for the control and regulation of cognitive processes including temporary activation of long-term memory (Baddeley, 1998) , coordination of multiple tasks (e.g., Baddeley, Della Sala, Gray, Papagno, & Spinnler, 1997) , shifting between tasks or retrieval strategies (Baddeley, 1996) , and selective attention and inhibition (Baddeley, Emslie, Kolodny, & Duncan, 1998a) . Additional processes including updating and shifting have also been identified (Miyake, Emerson, & Friedman, 2000) . Other theoretical accounts of general working memory that correspond in some respects to the central executive include the notions of a limited resource that can be flexibly allocated to support either processing or storage (e.g., Daneman & Carpenter, 1980; , and of a limited attentional resource responsible for the temporary activation of information from long-term memory (e.g., Cowan, 1988 Cowan, , 1995 Engle, Kane, & Tuholski, 1999a) .
Individual differences in the capacity of the central executive are commonly assessed using complex memory paradigms requiring simultaneous storage and processing of information. An example of such a task is reading span, in which the participant judges the semantic properties of sentences while remembering the last word of each sentence in sequence (Daneman & Carpenter, 1980 , 1983 . According to a recent proposal, verbal complex memory tasks such as these may also rely on the verbal storage component of working memory, the phonological loop (Baddeley & Logie, 1999; Duff & Logie, 2001) . Complex working memory span measures are effective predictors of performance in many complex cognitive activities including language comprehension (MacDonald, Just, & Carpenter, 1992) , reasoning (Kyllonen & Christal, 1990) , and language and reading abilities (De Jong, 1998; Swanson, 1994) .
In the working memory model, the central executive is supplemented by two slave systems specialised for temporary storage and manipulation of material in specific domains. The verbal storage system is the phonological loop, composed of a short-term phonological store subject to rapid decay plus a subvocal rehearsal pro-cess that can be used to restore decaying representations within the store (Baddeley, 1986) . Theoretical accounts of memory other than the working memory model also incorporate verbal storage-only short-term memory systems that are distinct from the more flexible capacities of working memory (e.g., Cowan, 1997; Engle, Tuholski, Laughlin, & Conway, 1999b) . The capacity of the phonological loop is typically assessed by serial recall tasks involving arbitrary verbal elements such as digits and words. The phonological loop has been suggested to play a key role in the acquisition of vocabulary, particularly in the early childhood years (Baddeley, Gathercole, & Papagno, 1998b) .
The second slave system in the working memory model is the visuospatial sketchpad, specialised for the processing and maintenance of material that can be represented in terms of its visual or spatial characteristics (e.g., Baddeley & Lieberman, 1980; Della Sala, Gray, Baddeley, Allamano, & Wilson, 1999) . The final component of working memory is the episodic buffer, fractionated from the central executive in the most recent revision of the model (Baddeley, 2000) . The episodic buffer uses multidimensional codes to integrate representations from components of working memory and long-term memory into unitary episodic representations that may correspond to conscious experience. In the revised model the episodic buffer provides direct inputs into episodic long-term memory, raising the possibility that this component of working memory too may provide an important gateway for learning.
One cognitive skill that is also closely associated with both short-term memory and childrenÕs abilities to acquire language skills including literacy is phonological awareness-the ability to encode, access, and manipulate the sound units of language. Phonological awareness can operate at a number of different levels and has a clear developmental function that proceeds from relatively large phonological units such as syllables in the preschool period through to finer-grained analysis at the level of individual phonemes typically achieved in the middle school years (e.g., Goswami & Bryant, 1990; Morais, Content, Bertelson, Cary, & Kolinksy, 1988) . Tests of phonological awareness vary considerably in terms of both the size of the phonological units to be manipulated and the degree of explicit metalinguistic awareness they require. Examples include judgments of rhyme (e.g., Bradley & Bryant, 1983) , blending phonological elements (Mann & Liberman, 1984) , deletion of phonological segments (e.g., Treiman & Baron, 1981) , phoneme and syllable counting (e.g., Liberman, Shankweiler, Liberman, Fowler, & Fischer, 1977) , judgments of shared phonemes in sequences of words (Kirtley, Bryant, MacLean, & Bradley, 1989) , and spoonerizing pairs of verbal stimuli (Perin, 1983) . Proficiency in phonological awareness tasks is highly associated with reading ability (e.g., Bradley & Bryant, 1985; Goswami & Bryant, 1990; , and has also been linked with vocabulary learning abilities (De Jong, Seveke, & van Veen, 2000; Metsala, 1999) .
Measures of verbal short-term memory and phonological awareness are strongly associated (Siegal & Linder, 1984; Stanovich, Cunningham, & Freeman, 1984) , and a variety of explanations for this relation have been advanced. According to one view, phonological memory and awareness measures tap a common phonological coding or processing substrate (e.g., Bowey, 1996; De Jong et al., 2000; Dufva, Niemi, & Voeten, 2001; Garlock, Walley, & Metsala, 2001; Griffiths & Snowling, 2002; Metsala, 1999) . This view receives some support from findings from a large cohort of 5-year-old children demonstrating that a single latent construct accounted for individual differences for working memory span tasks and phonological analysis tasks (Wagner, Torgesen, Laughon, Simmons, & Rashotte, 1993 ; see also . A second view is that verbal short-term memory tasks provide more direct indices of the quality of underlying phonological representations, whereas phonological awareness tasks rely on a more general metalinguistic awareness of the phonological forms of words (Windfuhr & Snowling, 2001 ). This position is consistent with evidence of a degree of independence in the links between the two phonological skills and reading ability (e.g., Hulme & Snowling, 1992; Wagner, Torgesen, & Rashotte, 1994) . A third account is that verbal short-term memory and phonological awareness tasks are constrained by the adequacy of phonological processes, but that they also tap distinct mechanisms involving the phonological loop and metalinguistic analysis, respectively (e.g., Gathercole, Willis, & Baddeley, 1991; Hecht, Torgesen, Wagner, & Rashotte, 2001; Muter & Snowling, 1998) .
One reason why the close associations between phonological short-term memory and phonological awareness tasks are difficult to interpret is that many tasks devised to tap phonological awareness also impose significant burdens on verbal memory. For example in tasks such as sound categorisation (e.g., Oakhill & Kyle, 2000) and phoneme deletion (e.g., Leather & Henry, 1994) , one or more phonological representations must be stored while further analytic procedures such as comparison and deletion of segments are being carried out. Correlations between phonological memory and awareness measures may therefore reflect the relative impurity of tasks rather than common underlying constructs.
A further cognitive skill that is linked with childrenÕs capacities to acquire knowledge and skills in the early school years is nonverbal ability. Measures of nonverbal ability are widely interpreted as reflecting general fluid intelligence and are good predictors of indices of learning ability such as reading achievement (e.g., Stanovich et al., 1984) . Previous studies indicate that nonverbal ability is distinct from, although highly correlated with, measures of complex memory span associated with the central executive (e.g., Conway, Cowan, Bunting, Therriault, & Minkoff, 2002; Engle et al., 1999b) .
The aim of the present study was to identify the functional organisation of cognitive measures that have been linked with childrenÕs abilities to acquire knowledge and skills over the early school years. More than 600 children aged 4 to 6 years were tested on measures associated with the four components of working memory (central executive, phonological loop, episodic buffer), phonological awareness, and nonverbal ability. Children were tested in their first year of school (ages 4 to 6 years) as this point in time provides the platform for scholastic learning and progress. On the basis of recent evidence that the adult model of working memory is in place as early as 6 years of age (Gathercole, Pickering, Ambridge, & Wearing, in press ), the structure of working memory in this young age group was not expected to differ markedly from that of older children and adults.
The following measures of each construct were employed in the study. Three complex memory span tasks involving concurrent processing and storage demands were chosen to tap the central executive: backwards digit recall and counting recall (Pickering & Gathercole, 2001) , and sentence completion and recall (Towse, Hitch, & Hutton, 1998) . Three measures of the phonological loop were selected: digit recall and word recall (Pickering & Gathercole, 2001 ) and nonword repetition (Gathercole & Baddeley, 1996) .
As this is the first study to our knowledge that has attempted to investigate the episodic buffer in children, it was necessary to develop a method for its assessment. The paradigm we chose was recall of spoken sentences. Repeating sentences involves the integration of information from temporary memory subsystems (to support the verbatim recall of individual words and their order) with the products of semantic and syntactic analysis by the language processing system. The integration of these two sources of representation is demonstrated by the superiority in memory span for words in meaningful sentences than in unrelated word lists (e.g., Baddeley, 1986; Potter & Lombardi, 1990) . In neuropsychological patients with selective impairments corresponding to the phonological loop, sentence span exceeds that of word span but is nonetheless impaired (Martin, Lesch, & Bartha, 1999; McCarthy & Warrington, 1987; Vallar & Baddeley, 1984) . Baddeley (2000) explained these findings in terms of the use of the episodic buffer to mesh representations of the sentence from the phonological loop and from the language processing system. Sentence repetition therefore provides a reasonable initial assessment of the capacity of the episodic buffer. A further important feature of the task is that it is appropriate for use with children as young as 4 years (Willis & Gathercole, 2000) . To provide a relatively broad-based assessment of sentence repetition ability, two separate sentence repetition tests were developed. The test differed in sentence type: in one, the sentences shared a simple active structure, whereas sentences in the other test incorporated syntactic structures that varied in complexity.
Phonological awareness was assessed using two sound categorisation tasks appropriate for the age group, one involving the detection of rhyme (Muter, Hulme, & Snowling, 1997) and the other requiring detection of initial consonants (Byrne & Fielding-Barnsley, 1993) . In both tasks the child was presented with line drawings corresponding to familiar words in the course of the task rather than spoken presentation of the word forms only, to minimize the short-term memory burdens of the tasks. Nonverbal ability was tested using the block design and object assembly subtests of the Wechsler Preschool and Primary Scale of Intelligence-Revised (Wechsler, 1990) .
As multiple assessments of each cognitive component were obtained for a large sample of children in this study, it was possible to use confirmatory factor analysis to test a variety of alternative theoretical accounts of the underlying cognitive systems. The models to be tested ranged in complexity from simple to increasingly complex and differentiated cognitive structures, based on existing theoretical positions. The simplest model tested the claim that individual differences in the range of short-term memory measures taken in the study reflect a single underlying factor. This position is supported by evidence that many age-related changes in short-term memory function can be explained in terms of changes in processing speed, rather than developmental changes in separate memory systems per se (e.g., Kail, 2002; Kail & Hall, 2001; Kail & Park, 1994) . In contrast, in the model based on the Baddeley (2000) working memory position, performance on the memory measures is supported by separate factors corresponding to the central executive, phonological loop, and episodic buffer. Further models assessed the extent to which the measures of phonological short-term memory, phonological awareness, and sentence repetition tapped distinct constructs.
Method

Participants
Children from 26 state primary schools, 13 from the northwest England and 13 from northeast England, participated in this study. Parental consent was obtained for each child participating in the study. Schools were selected on the basis of the national average of eligibility for free school meals in the year 2001 (17.6%), a poverty (income) index used in England, and represented a range of low (7-13%), middle (15-25%), and high (34-45%) free school meal rates in each Local Educational Authority. A total of 633 children participated in this study, with a mean chronological age of 59.5 months (SD ¼ 3:7, range ¼ 51-68 months). All participating children commenced full-time attendance at reception classes in September 2001. Information was provided by each childÕs principal caregiver about maternal educational level (i.e., GCSEs, A levels, vocational training or higher education) and the age at which the mother left school.
Procedure
Each child was tested individually in a quiet area of the school for three sessions lasting up to 30 min per session across 2 weeks. The following tests were administered, in a fixed sequence designed to vary task demands across successive tests.
Complex memory span
The backwards digit recall test of the Working Memory Test Battery for Children (WMTB-C, Pickering & Gathercole, 2001 ) was administered to each child. On each trial, the child is required to recall a sequence of spoken digits in the reverse order. Test trials begin with two numbers, and increase by one number in each level, until the child is unable to recall four correct trials at a level. Test-retest reliability on the test for children aged between 5 and 8 years is .53.
The counting recall test was also taken from the WMTB-C. In this test, the child is required to count the number of dots in an array, and then recall the tallies of dots in the arrays that were presented. A display booklet is placed in front of the child, consisting of pages displaying three, four, five, or six red dots in a box. The test trial begins with one page of a dot array, and increases by one page in each level, until the child is unable to correctly recall four trials. The number of correct trials was scored for each child. Test-retest reliability is .74 for counting recall, for children aged 5 to 8 years.
The third complex span measure was the sentence completion and recall task, adapted from Towse et al. (1998) . In this test, the child listens to a series of short sentences with a missing word at the end, produces a word to complete the sentence, and recalls the word she or he produced for each sentence in sequence. Test trials begin with one sentence, and continue with additional sentences in each level until the child is unable to recall three correct trials at a level. The number of correct trials was scored for each child. The test-retest reliability for this task was established with 105 of the children in this study randomly selected across schools. A period of 4 weeks separated the two successive testing administrations. Test-retest reliability at 5 to 8 years is .52.
Phonological short-term memory
The digit recall test and the word recall test of the WMTB-C (Pickering & Gathercole, 2001 ) were administered to each child. In each case, the child is required to recall a sequence of digits or words in the order that they were presented. Each level in these tests begins with one digit or word and continues until the child is unable to recall four trials of the digits or words in the correct serial position. The number of correct trials was scored for each child. The ChildrenÕs Test of Nonword Repetition (Gathercole & Baddeley, 1996) provided the third assessment of the phonological loop. In this, the child is required to repeat each nonword accurately immediately after it has been presented. The test consists of 40 items, and the number of correct repetition attempts is scored for each child. Test-retest reliability coefficients are .81 for digit recall, .80 for word recall, and .77 for nonword recall. In all the working memory tasks, the children receive one point for each correctly recalled trial, and the points are summed to produce a total score for each task.
Sentence repetition
Two sentence repetition tasks were administered to each child. Both tests consisted of 10 sentences with vocabulary appropriate for the age group. Set 1 consisted of 10 sentences with simple active grammatical structures (e.g., The cup is in the box) used by Potter and Lombardi in a study of children aged 4 to 5 years (1990, Experiment 7). Set 2 consisted of 10 sentences from the Test for the Reception of Grammar (Bishop, 1982) , a test of language comprehension suitable for children aged 4 to 9 years. Each sentence shared a different grammatical structure, with active and passive voices and embedded clauses modifying either the subject (e.g., The boy chasing the horse is fat) or the object (e.g., The boy rode a horse at the zoo). The sentences ranged between 6 and 9 words in length, with mean lengths of 7.9 words in Set 1 and 6.8 words in Set 2.
The experimenter spoke each sentence aloud and the child was required to recall the sentence immediately. Responses were recorded onto an audio cassette, and the recordings were subsequently used as the basis for scoring the accuracy of the repetition attempts. The repetition attempts were scored either as correct (all words correctly recalled in their original position in the sentence) or as incorrect, giving a maximum possible score of 10 for each of the two sets. Test-retest reliabilities were calculated for a subset of 105 children participating in the study. For Set 1, rð103Þ ¼ :67; for Set 2, rð103Þ ¼ :69.
Phonological awareness
Two measures of phonological awareness were administered. The rhyme detection task from the Phonological Abilities Test (Muter et al., 1997) involves the child viewing a picture card with a target picture and three possible picture matches. The child is required to match the target with a picture that shares the same rhyme pattern. For example, the target picture house was presented with the following possible picture matches: mouse, horse, and window. The number of correct trials is scored for each child. Test-retest reliability on this test is .87. In the initial consonant detection task (Byrne & Fielding-Barnsley, 1993) , the child is required to match a target picture with one of two possible picture matches that share the same initial consonant. For example, the target picture goat was presented with the following possible picture matches: girl and duck. The number of correct responses is scored for each child. Test-retest reliability for this measure was established with 105 children participating in the present study: r ¼ :65.
Nonverbal ability measures
Two performance subtests from the Wechsler Preschool and Primary Scale of Intelligence-Revised (Wechsler, 1990) were administered: the block design task and the object assembly task. In the first task, the child views a pattern of red and white blocks and is required to imitate the pattern in a given time limit. In the second task, the child is required to construct a specified object with a set of jigsaw pieces in a given time limit. Test-retest reliability coefficients for ages 4 to 6 years range between .56 and .70 for block design and between .84 and .87 for object assembly.
Results
Descriptive statistics and correlational analyses
The data were screened for univariate and multivariate outliers. Univariate outliers were defined as cases more than 3 SD above or below the mean. The data for 27 children who met this criterion on one or more measures were eliminated. Two multivariate outliers were identified and eliminated on the basis of Mahanalobis d 2 scores with p < :001. The final dataset for subsequent analyses consisted of 604 children.
Descriptive statistics for the working memory measures, sentence recall, phonological awareness, and nonverbal tasks are provided in Table 1 . Skewness and kurtosis values for all measures indicated normal distributions of scores.
The correlation coefficients between all principal measures are shown in the lower triangle of Table 2 . Partial correlations with the general factors of age, months in school, maternal age at leaving school, and maternal education level partialed out are shown in the upper triangle. None of the general factors was strongly correlated with any of the cognitive measures (maximum r ¼ :21).
Measures within each area of cognitive function shared correlations in the moderate to high range with rs ranging from .33 to .55, and were significant at p < :001 in each case. Correlation coefficients for the complex memory span measures ranged from .43 (backwards digit recall and sentence completion and recall) to .45 (backwards digit recall and counting recall). For the phonological loop measures, coefficients ranged from .37 (digit recall and nonword repetition) to .55 (digit recall and word recall). Correlations between the two sentence repetition tasks associated with the episodic buffer were high (r ¼ :53); correlations between the component phonological awareness and nonverbal measures were relatively lower although highly significant (r ¼ :33 and r ¼ :43, respectively). In the partial correlation coefficients with variance associated with external factors eliminated, interrcorrelations within each area of cognitive function remained modest to high, ranging from .30 (rhyme detection and initial consonant detection) to .55 (digit recall and word recall). .431 -Note. Simple correlation coefficients are shown in lower triangle; correlation coefficients with external factors (measures 1 to 4) partialed out are shown in upper triangle. For coefficients greater than .084, p < :05; for coefficients greater than .103, p < :01.
Exploratory factor analysis
To investigate the higher-order factor structure underpinning variations between the different measures, a principal components analysis was conducted on the raw scores for all 11 measures, rotated to final solution with a Varimax rotation. Two factors emerged with eigenvalues in excess of 1.00, accounting for 24.51 and 23.14% of the variance, respectively. Factor loadings in excess of .30 on the rotated factor matrix are displayed in Table 3 . The five measures that loaded most highly on Factor 1 were the three phonological short-term memory measures and the two sentence repetition tasks. Lower loadings on this factor were obtained for the two phonological awareness measures (rhyme detection and initial consonant detection) and backwards digit recall. The highest loading measures on Factor 2 were the three complex memory tasks and the two nonverbal ability measures. Weaker loadings were obtained for the two phonological awareness measures. Thus the first factor appears to tap the short-term storage and retrieval of verbal information, whereas the second factor corresponds to a more general cognitive construct associated with manipulating information in both verbal and nonverbal domains. Phonological awareness measures were linked to both factors.
Confirmatory factor analyses
The next step was to evaluate the factor structure of more specific models of the data using confirmatory factor analysis (Bentler, 2001; Bentler & Wu, 1995) . This method provides a means of testing the adequacy of competing theoretical accounts of the relationships between measures, with each model specified in terms of paths between observed variables and latent constructs and between constructs. Goodness of fit is tested for each model. A commonly used index of fit is the v 2 statistic, which compares the degree to which the predicted covariances in the model differ from the observed covariances. Small and nonsignificant v 2 values indicate good fit. Because this statistic is sensitive to variances in sample sizes, with very large samples as in the present study even the best-fitting models frequently yield significant v 2 values (Kline, 1998) . Following Jaccard and Wan (1996) and Kline (1998) , model adequacy was therefore evaluated using additional global fit indices that are more sensitive to model specification than to sample size. The Comparative Fit Index (CFI; Bentler, 1990 ) and the Bollen Fit Index (IBI; Bollen, 1989) provide a further measure of fit computed by comparing the hypothesised model against a null model in which the relations between the latent variables are not specified and consequently are set at zero. An additional goodness-of-fit index that adjusts for the complexity of the model is the Normed Fit Index (NFI; Bentler & Bonett, 1980) . Fit indices with values equal to or higher than .90 demonstrate a good fit. Further assessment of the extent to which the specified model approximates to the true model is the root mean square error of approximation (RMSEA). A RMSEA value of .08 or lower is acceptable, and a value below .05 indicates a good fit (McDonald & Ho, 2002) .
In the series of models tested below, paths between latent constructs were left free to covary (represented diagrammatically as bidirectional links) in the absence of justifiable assumptions concerning direction of causality. Such models are known as measurement models. In each case, the level of significance of the path weights between each observed variable and its associated factor, and the correlations between all pairs of factors, was set at an a level of .05. Statistical comparison of models was achieved by performing v 2 difference tests (McDonald & Ho, 2002) . The statistics and fit indices generated by each of the measurement models are summarized in Table 4. To identify the best-fitting model, a series of v 2 difference tests were performed and are reported following the presentation of the different model solutions.
Model 1
The first analysis tested a model based on the outcomes of the exploratory factor analysis. Model 1 consisted of two factors. The first factor was associated with all three phonological short-term memory measures, the two sentence repetition tasks, the two phonological awareness measures, and backwards digit recall. Factor 2 was associated with the three complex span tasks, the two nonverbal ability measures, and the two phonological awareness tasks. The model solution is summarised in Fig. 1 , and the fit statistics are shown in Table 4 . This two-factor model described above provides a tolerable fit to the data, although the v 2 value is very high. The weakness of the model is that it was generated in a post hoc manner, and does not provide a coherent theoretical account of the data. In particular, the loadings for the three complex memory span measures were split across the two factors, and the phonological awareness measures were associated with the more general factor rather than with the phonological memory factor. No prior theoretical account is consistent with either of these features of the model. To test whether the data could be better characterised by coherent models generated on the basis of prior theory and data, a series of further models were compared with this initial two-factor solution.
Model 2
Model 2 tested a unitary account of working memory (e.g., Kail, 2002) , in which measures of complex memory span, phonological short-term memory, and sentence repetition were linked to a single factor (Factor 1). Factor 2 corresponded to phonological awareness, indexed by the rhyme detection and initial consonant detection tasks. Factor 3 corresponded to nonverbal ability (block design and object assembly). The model solution is summarised in Fig. 2 , and the fit statistics are summarised in Table 4 . This model did not provide a satisfactory fit of the data: the v 2 value (p < :001) was greater than that obtained for Model 1, all fit indices were less than .90, and the RMSEA value exceeded .08.
Model 3
Model 3 is based on the revised working memory model of Baddeley (2000) . It consists of separate factors corresponding to the phonological loop (the three phonological short-term memory measures), the central executive (the three complex span measures), the episodic buffer (the two sentence repetition tasks), phonological awareness (two tasks), and nonverbal ability (two tasks). The model solution is summarised in Fig. 3 , and the model statistics are given in Table 4 . This model provides a better fit to the data than either Model 1 or 2. The v 2 value is considerably lower (although p < :001), all fit indices are .94 or above, and RMSEA ¼ .05, indicating a good-fitting model.
Although this five-factor model provides a good account of the data, some of the correlations between pairs of factors are very high. Factor 4 (sentence recall) is highly correlated with both Factor 1 (complex memory span; .65) and Factor 2 (phonological short-term memory; .77). Factor 5 (phonological awareness) is also highly associated with Factors 1 (.88) and 2 (.60). Two further four-factor models were therefore tested to determine whether the model fit is comparable when pairs of factors that are highly correlated within Model 3 are collapsed into a single factor. If the simplified models provide accounts of the data that are as satisfactory as Model 3, they should be favored on grounds of parsimony.
Model 4a
In this model, the sentence recall factor in Model 3 (Factor 4) is eliminated, and the sentence recall measures are associated directly with both Factor 1 (complex memory) and Factor 2 (short-term memory). Phonological awareness and nonverbal skills remain as separate factors. The model solution is summarised in Fig. 4A . This model does not provide a better fit to the data than Model 3. The v 2 value is higher; however, all fit indices are above .90, and RMSEA ¼ .06.
Model 4b
In Model 4b, the phonological awareness factor (Factor 5) from Model 3 is eliminated, and the awareness measures are linked directly with both Factor 1 (complex memory) and Factor 2 (short-term memory). Sentence recall and nonverbal measures are distinct factors in the model. The model solution is summarised in Fig. 4B and provides a better fit to the data than Model 4a. The v 2 value is considerably lower, all fit indices are above .90, and RMSEA ¼ .06.
Model comparison
A series of v 2 difference tests were performed to compare the fit of each of model tested on the data with Model 3, as this model provided the lowest v 2 value and highly satisfactory fit indices. Model 3 was found to provide a significantly better account of the data than each of the other models ( The five-factor model consisting of separate factors corresponding to the central executive, episodic buffer, and phonological loop components of working memory plus distinct phonological awareness and nonverbal ability therefore provides the best account of these data. Fig. 3 . Path model for three-factor model based on the theoretical distinction between working memory and short-term memory and a separate factor for nonverbal intelligence. All factor loadings are significant at the p < :05 level.
Discussion
The results from this study indicate that a modular structure that includes an episodic buffer distinct from both the central executive and the phonological loop (Baddeley, 2000) is in place in 4-to 6-year-old children starting school. The childrenÕs abilities to repeat meaningful sentences were separable from their capacities both to repeat unrelated sequences of verbal items and to engage in more complex tasks that tax both processing and storage skills. Although representing a distinct factor, sentence repetition ability was nonetheless highly associated with both the phonological loop (see Willis & Gathercole, 2000) and central executive factors. This pattern of findings is consistent with the view that sentence repetition taps the episodic buffer (e.g., Baddeley & Wilson, 2002) , and that the buffer integrates representations from working memory, long-term memory, and language processing and long-term memory systems.
An alternative account of these findings should also be considered. On the basis of neuropsychological evidence, Martin and colleagues have argued for the existence of parallel phonological and semantic short-term memory systems, both of which contribute to tasks such as sentence repetition that require verbatim recall of meaningful information (Hanten & Martin, 2000; Martin et al., 1999) . One possibility is therefore that the latent construct associated with sentence repetition is not the episodic buffer, but is the semantic short-term memory that preserves conceptual representations of the sentence material. The present data are not capable of distinguishing between these theoretical accounts. The episodic buffer account does, however, provide a more complete explanation for how different representations (phonological and semantic) are combined to support the repetition of sentences, within the medium of the episodic buffer. In contrast, the Martin model in its present form does not provide a processing account of how the two different types of temporary representation may be combined.
The close link between the central executive and the phonological loop is also worthy of note, and is consistent with other recent findings both in children and in adults (Engle et al., 1999b; Gathercole & Pickering, 2000; Gathercole et al., 2003) . The strength of this association may reflect in part at least the dependence of verbal complex span tasks on the phonological loop for storage (Baddeley & Logie, 1999; Duff & Logie, 2001) , which may contribute to the relatively high correlation between the central executive and phonological loop factors. Although the present study employed only verbally based assessments of working memory, other findings indicate that verbal and spatial complex span tasks tap more or less independent factors, suggesting that there may be a domain-specific differentiation of the central executive (Jarvis & Gathercole, 2003; Shah & Miyake, 1996) . Consistent with this view, nonverbal ability was found to be relatively distinct from the central executive factor identified in these data. Within the verbal domain, however, the present data fit well with the key assumption of the working memory that the central executive plays a crucial role in coordinating the flow of information through the working memory system model (e.g., Baddeley, 2000; Baddeley & Hitch, 1974) , and also with other models that distinguish short-term and working memory (e.g., Cowan, 1995; Engle et al., 1999a) .
A further important finding is that in this large sample of young children tested in the first 6 months of school before receiving extensive literacy training, awareness of phonological structure was found to be distinguishable from (although correlated with) the phonological loop. This finding is consistent other recent evidence for separable phonological abilities (e.g., Hecht et al., 2001 ), but conflicts with other findings that a single phonological construct underpins phonological short-term memory and phonological awareness (e.g., Passolunghi & Siegel, 2001; Wagner et al., 1993) . The present results may be a consequence of the young age and hence underdeveloped reading abilities of the children participating in the present study. Early phonological awareness and short-term memory skills may be relatively distinct in young children, but converge over the early school years as a consequence of their joint contributions to literacy development, which in itself appears to promote segmental analysis skills directly (Morais, Alegria, & Content, 1987) . It may also be the case that the relative independence of the phonological awareness and phonological loop factors in this study arises from the choice of picture-based phonological comparison tasks. These are likely to make fewer (although nonetheless significant) demands on phonological memory support than tasks involving spoken inputs that provide no opportunity for the child to regenerate decayed temporary phonological representations, and may therefore have contributed the relative independency of the memory and awareness measures.
This distinction between phonological short-term memory capacity and phonological awareness in children starting formal education established in the present study may provide a useful framework for illuminating the nature of the literacy acquisition process. It raises the possibility that the two phonological skills make separable contributions to success in the earliest stages of reading development. More specifically, it has been suggested that phonological short-term memory may play a role in learning letter-sound correspondences and in storing generated phonological sequences prior to blending and output during phonological recoding (e.g., Gathercole & Baddeley, 1993) . Phonological awareness, in contrast, may be crucial in segmenting phonological representations of words to be spelled (see Goswami & Bryant, 1990 , for a review). This view that the two phonological skills can make separable contributions to reading is supported by previous research (e.g., Wagner et al., 1994) .
In summary, the present study has identified a complex structural organisation to working memory and related cognitive abilities in children in their first year of school. The data are consistent with a multicomponent working memory system consisting of a central executive, phonological loop, and episodic buffer with close connections with a separable phonological awareness construct. This multicomponent model provides a useful framework within which to understand subsequent academic development.
